1-Hydroxyimidazole-3-oxide (1) was alkylated with benzyl bromide in the presence of NaHCO 3 to give the new 1,3-di(benzyloxy)imidazolium bromide 2a which was converted to the hexafluorophosphate 2b and bis(trifluoromethylsulfonyl)imide 2c. From this cation, pyridine generated a carbene which was trapped by sulfur or selenium to yield the respective 2-thione 3 or 2-selone 4. Bromination afforded the 2-bromo derivative 5. Reaction of the hexafluorophosphate 2b with silver oxide gave the silver-N-heterocyclic carbene complex 6 which was transmetallated with Au(Me 2 S)Cl to the gold-carbene complex 7. A rhodium-carbene complex 8 was obtained by reaction of the hexafluorophosphate 2b with [Rh(cod)Cl] 2 in the presence of triethylamine. Eight crystal structures were determined by X-ray diffraction. The N-benzyloxy groups are twisted out of the plane of the imidazole ring in the solid state. They adopt syn conformations in the cation of the hexafluorophosphate 2b and in the metal-carbene complexes 6 -8, but anti conformations in the thione 3 and selone 4. Both conformations were observed in two polymorphs of the 2-bromo compound 5.
Introduction
1,3-Di(alkyloxy)imidazolium [1] , 1-alkyloxy-3-alkylimidazolium [2] , and 1-alkyl-4-(dialkylamino)triazolium [3] salts are highly interesting precursors for N-heterocyclic carbene (NHC) complexes [4] and ionic liquids (ILs). Recently, 1,3-di(alkyloxy)imidazolium salts have exhibited potential as anion affinity probes [5] , and their suitability as precatalyst ligands has been demonstrated [5] . In continuation of our interest in these N-heterofunctionalized azolium compounds [1 -3] , we again have entered a new territory. In the present work, we focus on 1,3-di(benzyloxy)imidazolium salts. Previous attempts to synthesize these compounds have met with difficulties due to unintended carbene formation under strongly basic conditions and subsequent elimination of benzaldehyde [6] . Therefore, only stable 2-methyl and 2-ethyl analogs have been described [6, 7] . However, it was found that these problems could be avoided by a more prudent choice of the base used. Herein, the synthesis and crystal structures of 1,3-di(benzyloxy)-0932-0776 / 10 / 0700-0776 $ 06.00 c 2010 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com imidazolium salts and N-heterocyclic carbene (NHC) derivatives thereof are reported.
Results and Discussion
After initial failures with several solvents and bases, 1,3-di(benzyloxy)imidazolium bromide (2a) became readily available from 1-hydroxyimidazole-3-oxide (1), benzyl bromide and sodium hydrogencarbonate. The use of disodium carbonate resulted in total destruction of the starting material. The crystalline hexafluorophosphate 2b and bis(trifluoromethylsulfonyl)-imide ('triflimide') 2c were obtained by ion metathesis. The bromide and triflimide may be regarded as ionic liquids (ILs) considering their low melting points. The hexafluorophosphate, however, turned into the workhorse of the present study. The corresponding nucleophilic carbene could be generated and readily trapped by electrophiles such as sulfur, selenium, or bromine (Scheme 1).
Thus, 1,3-di(benzyloxy)imidazolium salts were converted to 1,3-di(benzyloxy)imidazoline-2-thione (3) by stirring with sulfur in pyridine/triethylamine, no matter if the hexafluorophosphate or bromide was used. This reaction was studied in more detail. It was found that triethylamine was not necessary, but it accelerated the reaction. Without it, the reaction time had to be doubled in order to achieve the same yield. Interestingly, a higher reaction temperature did not return good results. The same pyridine/triethylamine system was applied for the synthesis of the 2-selone 4. We found it crucial to employ red selenium. Black selenium did not react at all. The yields of the selone were consistently lower than those of the thione in several experiments, possibly due to the unavoidable formation of black selenium.
Another highly interesting functionalization of the 2-position can be achieved by bromination [1] to yield the 1,3-di(benzyloxy)-2-bromoimidazolium salt 5. This could be a very convenient intermediate for the oxidative insertion of zero-valent metals (such as Pd or Ni) into the C-Br bond [1] .
From the hexafluorophosphate 2b, carbene-metal complexes could be easily prepared using different transition metal precursors and suitable bases. The resulting carbenes are obviously stabilized by coordination to metal cations and do not expel benzaldehyde. Examples include the Ag, Au and Rh complexes 6 -8. The silver-carbene complex 6 was obtained from 2b by the classic silver oxide method [8 -10] in methanol. The NMR signal of the carbene C atom was barely visible due to extreme line broadening. Attempts to prepare a crystalline silver-carbene complex from the bromide 2a were futile so far. The gold-carbene complex 7 was obtained by transmetallation from the silver complex [11] . The rhodium-carbene complex 8 was prepared according to a general procedure as previously described [4, 12] . NMR spectroscopy revealed that the benzylic protons in the rhodium compound are diastereotopic, obviously due to restricted rotation around the C-Rh bond, as noted previously [4] . The C-Rh coupling constants were confirmed by recording the spectra at different spectrometer frequencies.
The crystal structures of the new compounds were determined by single crystal X-ray diffraction. Interestingly, we observed two distinct conformations of the benzyloxy groups with respect to the imidazolium ring plane. They are twisted out of the plane in either syn or anti conformations. The angles are defined between the imidazole average ring and the CH 2 -O-N plane. For the 1,3-di(alkyloxy)imidazolium cations, these conformations have been confirmed by theoretical calculations [5] .
In the cation of imidazolium salt 2b, which has crystallographic mirror symmetry, both benzyloxy groups are rotated syn out of the ring plane by 89.3 • (Fig. 1 ). The thione 3 shows two independent molecules (CH 2 O/plane anti angles of 89.7
• and 85. 88.1 • and 87.7 • , respectively) in the asymmetric unit (Fig. 2) . In crystals of the selone 4 ( Fig. 3) (Fig. 4) . The bulk material consisted of a mixture of the two conformers according to powder X-ray diffraction. The silver complex 6 exhibits a linear arrangement of the two carbene ligands and the silver atom at a center of inversion ( Fig. 5) The rhodium atom shows the expected square-planar coordination geometry (Fig. 6 ).
Another interesting structural feature is the N-C-N angle which is significantly smaller in the carbenes than in the cations, as discussed earlier [13, 14] . The pertinent N-C-N angles are as follows: imidazolium salt 2b, 105.5
• ; thione 3, 101. 
Conclusion
An appropriate choice of the conditions facilitated the synthesis of the elusive 1,3-di(benzyloxy)imidazol-ium salts. The hexafluorophosphate was converted into NHC derivatives. Applications of carbene complexes are envisaged in the fields of catalysis [15, 16] and medicine [17] . Further work on this promising ligand is in progress.
Experimental Section
1-Hydroxyimidazole-3-oxide (1) was prepared according to references [18, 19] . NMR spectra were recorded with Bruker AC 300 and Varian Unity 500 spectrometers. IR spectra were obtained with a Nicolet 5700 FT instrument. Elemental analyses were conducted at the University of Vienna.
1,3-Di(benzyloxy)imidazolium bromide (2a)
A mixture of 1-hydroxyimidazole-3-oxide (5.0 g, 0.05 mol) and benzyl bromide (17.0 g, 0.10 mol) was stirred for 2 h at 60 • C and for 3 h at r. t. Then NaHCO 3 (4.2 g, 0.05 mol) and H 2 O (20 mL) was slowly added, and stirring was continued for 17 h at r. t. The phases were separated, and the dense liquid was washed with H 2 O (10 mL) and Et 2 O (10 mL), dissolved in CH 2 Cl 2 (50 mL), and dried over 
1,3-Di(benzyloxy)imidazolium hexafluorophosphate (2b)
To a well stirred mixture of the bromide 2a 
1,3-Di(benzyloxy)imidazolium triflimide (2c)
A mixture of the hexafluorophosphate 2b (0.50 g, 1.2 mmol) and LiNTf 2 (0.37 g, 1.3 mmol) in CH 2 Cl 2 (10 mL) and H 2 O (10 mL) was agitated in an ultrasonic bath for 1 h. The organic phase was dried over Na 2 SO 4 
1,3-Di(benzyloxy)imidazoline-2-thione (3)
A solution of 2b (5.0 g, 12 mmol), sulfur (0.38 g, 1 equiv.) and Et 3 N (1.7 mL, 12 mmol) in pyridine (100 mL) was stirred for 24 h at r. t. The mixture was poured into H 2 O (500 mL) and stirred for 10 min. The colorless product was filtered, washed with H 2 O (20 mL) and dried (3.1 g, 85 %). Single crystals were obtained from EtOH. A lower yield (65 %) was obtained when the bromide 2a was used instead of 2b. M. p. 92 • C. 
1,3-Di(benzyloxy)imidazoline-2-selone (4)
A solution of 2b (1.5 g, 3.5 mmol), red selenium (0.28 g, 1 equiv.) and Et 3 N (0.50 mL, 3.5 mmol) in pyridine (45 mL) was stirred for 24 h at r. t. The mixture was poured into H 2 O (150 mL) and stirred for 10 min. The grey product was filtered, washed with H 2 O (10 mL) and dried. The crude product was dissolved in acetone, the solution was filtered to remove traces of black selenium, and the solvent was evaporated to give an off-white powder (0.66 g, 52 %). Single crystals were grown from heptane. M. p. 104 • C. 
1,3-Di(benzyloxy)-2-bromoimidazolium hexafluorophosphate (5)
To a solution of hexafluorophosphate 2b (5.0 g, 12 mmol) in CH 2 Cl 2 (500 mL) and H 2 O (50 mL) were added bromine Table 1 . Crystal data and numbers pertinent to data collection and structure refinement. (10) 1987.76 (13) 1978.68 (14) 1746.48 (6) 1764.45 (7) 2337.24 ( (2) 233 (2) 233 (2) 233 (2) 233 (2) 173 (2) 233 (2) 233 ( 
